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Abstract
THE EFFECT OF ETHANOL ON BONE HISTOMORPHOLOGY
by
Rebecca L.Rodocker
The effect of ethanol on bone histomorphology was studied using an 
isocaloric liquid pair feeding system to administer equal amounts of essential 
vitamins and nutrients to control and ethanol animals.
A bone remodeling sequence was induced in the lower right mandible by 
removal of the upper right molars. The bone remodeling unit, consisting mainly 
of the osteoclast and osteoblast, could then be studied microscopically to note 
any changes brought about by the administration of ethanol.
Although the method of ethanol administration was successful, the 
induction of unintended bone remodeling via the removal of a solid diet made 
analysis of the results difficult. A method for inducing a localized remodeling 
sequence in an area other than the mandible would be preferable when 
repeating the experiment at a future date.
Results were insignificant due to a need for more ethanol animals per 
day of sacrifice. A possible slowing or lag time was noted in the ethanol 
animals but cannot be considered significant since standard deviations were 
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A. HISTORY OF ALCOHOL AND BONE LOSS
For years orthopedic physicians have been treating alcoholics for 
fractures and various bone disorders. Orthopedic specialists often attributed the 
high number of fractures among alcoholics to bone trauma. Bone trauma can 
result indirectly from intoxication and loss of equilibrium or by seizures following 
the withdrawal from alcohol (Hodges et al.,1986)
Until the 1960's the effect of alcohol on bone itself was rarely considered. 
In 1964 a study implicated alcohol as a likely cause of avascular necrosis of the 
hip (Paterson et al.,1964). In response to this enlightenment physicians and 
authors began documenting statistical relationships between alcohol use and 
bone disorders.
In the past 25 years researchers have demonstrated a reduction of bone 
mass both in alcoholic humans (Bikle et al.,1985; Dalen and Feldreich,1974; 
Diamond et al.,1989; Johnell et al.,1982; Nilsson and Westlin,1973; 
Saville,1965; Schnitzler and Solomon, 1984; Spencer et al., 1986) and in 
alcohol fed male rats (Baran et al.,1980). Much of the research indicates that 
bone loss stemming from alcohol abuse is most evident in areas such as the 
iliac crest (Diamond et al.,1989; Saville,1965; Schnitzler and Solomon,1984), 
the dorsal or lumbosacral spine (Bikle,1985; Spencer et al.,1986), and the 
femoral neck (Dalen and Feldreich,1974; Nilsson and Westlin,1973), all of 
which contain a high amount of trabecular bone.
The cause of alcohol related bone loss is still unknown. Various 
hypotheses include nutritional deficiencies or malabsorption of calcium and 
vitamin D, impairment of vitamin D metabolism, abnormal parathyroid secretion 
or activity (Bikle, 1985, Spencer et al., 1986), increased levels of corticosteroids
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(Spencer et al., 1986), and an actual effect on the remodeling process itself 
( Baran et al.,1980; Bikle et al.,1985; Crilly et al.,1988; deVernejoul et al.,1983).
B. THE BONE REMODELING PROCESS
Bone remodeling is described as a process in which a cavity created on 
a bone surface is subsequently refilled with bone matrix. Remodeling differs 
from the modeling of bone in that normally the process of remodeling accounts 
for a change in shape or architecture of the bone without a subsequent change 
in bone volume (Jaworski,1981). Parfitt (1984) describes remodeling as a 
cyclic process of erosion and formation of bone in small cavities on the bone 
surface. It is important to note that resorption and formation occur in the same 
loci during the remodeling process whereas in the modeling of bone, resorption 
can take place in a specific area without the formation of bone following in that 
same area. Remodeling is a cyclic event while modeling can occur 
continuously for long periods of time without interruption (Parfitt, 1984).
Several types of remodeling can occur depending upon where the 
remodeling is taking place. Three distinct areas have been noted to contain 
remodeling areas or envelopes 1)the periosteal envelope, 2)the endosteal 
envelope and 3)the Haversian envelope. While Haversian remodeling is 
somewhat more complex, even it seems to follow the same succession of steps 
as the endosteal and periosteal remodeling systems (Parfitt,1976). Since this 
research involves the remodeling process on a periosteal surface, the 
information given regarding remodeling will concentrate on the periosteal 
envelope.
Many researchers have demonstrated a series of sequential stages in 
the remodeling process (Baron et al.,1986; Chole and Chan,1989; Tran Van et 
al.,1982a;Tran Van et al.,1982b). These stages include a period of quiescence,
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activation, resorption, reversal, formation and back to quiescence. Normally 
80% of any given bone surface is in a state of quiescence, covered with bone 
lining cells (Parfitt,1984). The other 20% of the bone surface could be at any 
stage in the bone remodeling process.
The first notable stage of remodeling is resorption. Prior to resorption a 
period of activation must first occur. Activation is different from resorption in that 
it involves the preparation of the bone surface for resorption (Parfitt,1984). 
Activation determines where and when resorption will begin (Parfitt,1990) thus 
actually controlling the number of remodeling sites present at one time. 
Recruitment of resorbing cells also takes place during the activation stage 
(Parfitt,1990). The average length of the activation stage has been esimated at 
two to three days (Tran Van et. al.,1982a, b). Tran Van et al. (1982a,b) notes 
that during the activation stage osteoblasts become flattened and elongated, 
osteoid thickness decreases and cells with the known morphological 
characteristics of mononuclear phagocytes lie close to the bone surface and 
between osteoblasts. As the activation stage progresses (2 to 3 days following 
the induction of the remodeling process) the phagocytes have a more ruffled 
appearance along the bone interface although still mononuclear.
Following activation, resorption occurs. Resorption is a result of a team 
of osteoclasts working together to demineralize areas of bone and to 
breakdown noncollagen bone matrix. It has also been hypothesized that 
fibroblast-like or monocyte-derived cells may play a role in resorption by 
phagocytosing exposed collagen fibrils once osteoclasts have initiated 
resorption and then become partially detached from the bone (Heersche,1978). 
This hypothesis has since been disputed by researchers who have
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demonstrated the removal of both organic and inorganic components of bone 
solely by osteoclasts (Blair et al.,1986; Bonucci,1974).
The peak of resorptive activity seems to be 3 to 4 days following the 
initiation of the remodeling process. The resorptive activity takes place for an 
average of 2.3 days and is followed by a sharp decrease in activity by days five 
and six (Tran Van et al.,1982a; Tran Van et al.,1982b). During the resorptive 
phase approximately 35% of the bone surface is covered by multinucleated 
osteoclasts. Ruffled borders appear in an area at the osteoclast/bone interface. 
This ruffled border area is surrounded by an annular zone, called the sealing 
zone, where the plasma membrane is closely attached to the bone matrix 
(Lakkakorpi et al.,1989). The sealing zone creates an inner isolated resorption 
area referred to as the bone resorbing compartment. The bone surface 
adjacent to the ruffled borders in the resorption compartment becomes rough 
from the resorptive processes taking place(Tran Van et al.,1982b). Resorption 
has been shown to take place by means of two different mechanisms:
a) Uptake and absorption of matrix and mineral compounds by way of 
endocytosis in the ruffled border region of osteoclasts (Gothlin and 
Ericsson,1976).
b) Synthesis and secretion of lysosomal enzymes and protons into the 
bone-resorbing compartment by osteoclasts leading to the extracellular 
dissolution of mineral and digestion of the organic components of bone 
(Baron et al.,1985).
The net result of the above mentioned processes is the formation of resorptive 
cavities referred to as Howship’s lacunae. Six to seven days into the 
remodeling process the osteoclasts become detached from the bone surface 
leaving the Howship's lacunae lined by mononuclear cells
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(Tran Van et al.,1982b). It is not known what becomes of the osteoclasts once 
they have finished their task and left the bone surface.
The presence of Howship's lacunae that contain neither osteoclasts or 
osteoblasts is an indication that the reversal phase of the remodeling process is 
in progress. The reversal period is a transition stage denoting the termination of 
bone resorption and the commencement of bone formation. The first reversal 
sites appear 4 days after the onset of remodeling and peak in number by the 
seventh day of the remodeling process(Tran Van et al.,1982a;1982b). The total 
duration of the reversal period is an average of 4 days (Tran Van et al.,1982a). 
This 4 day delay between resorption and subsequent formation may well be 
indicative of the time required for 'coupling' of the two events. The origin of a 
'coupling' factor is still unknown, however, many scientists believe such a 
substance may be released during bone resorption. The possibilities for the 
origin and identity of a coupling factor are numerous and will be discussed in 
more detail later.
Bone formation, which is not evident at the beginning of the reversal 
phase, begins to reappear by the peak of the reversal phase (day seven). The 
initial event in the formation phase is likely to be a mechanism for attracting 
osteoblast precursors to the previous resorptive sight (the coupling event). 
Secondly, preosteoblasts must be stimulated to proliferate and differentiate into 
active osteoblasts (Mundy,1989). Mundy(1989) suggests several factors may 
be responsible for stimulating proliferation and differentiation of osteoblast 
progenitors such as; Platelet Derived Growth Factor (PDGF), Transforming 
Growth Factor beta (TGF beta), Insulin-like Growth Factors I and II (IGF-I, IGF-II), 
bone derived growth factor and skeletal growth factor. Following proliferation 
and differentiation, cells with all of the morphological characteristics of
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preosteoblasts and osteoblasts are visible in the lacunae and newly 
synthesized osteoid can be found on the reversal line (Tran Van et 
al.,1982a,b).
The actual process of bone formation involves two successive 
operations; matrix formation and mineralization. Once the osteoblast is mature 
it begins to produce a protein rich bone matrix consisting in a large part of type I 
collagen (Rodan and Rodan,1983). Matrix formation also includes the 
biosynthesis of proteoglycans and glycoproteins (Parfitt,1976). The new 
osteoid is then converted to bone by mineralization which takes place 
approximately 14 days following formation (Frost,1964). During mineralization, 
amorphous tricalcium phosphate is slowly converted to crystals of 
hydroxyapatite . The first step of mineralization, primary mineralization, 
deposits 70 to 75% of the mineral in the matrix within a few days. Primary 
mineralization is under the control of the osteoblasts (Parfitt,1976). Over a 
period of several months secondary mineralization gradually increases the 
mineral content to 90% of maximum. Secondary mineralization is not controlled 
by osteoblasts (Parfitt,1976). Matrix appositional rates range from 3-10 urn per 
day in the rat to 2-3 urn per day in the human (Parfitt, 1976; Parfitt,1984). In 
areas containing active osteoblasts matrix synthesis and mineralization 
generally proceed at the same rates (Parfitt, 1976) leaving the osteoid seam 
thickness constant. In areas of maturing seams and less active osteoblasts, 
both mineralization and matrix synthesis slow down leaving a progressively 
thinner seam (Parfitt,1976). As the formation process slows, osteoblasts 
assume a structure and function more similar to that of the bone lining cell and 
cease to take part in the bone formation process (Mundy,1989).
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C. THE BONE REMODELING UNIT AND ITS REGULATORS
The exchange of one quantum of bone (from resorption through formation on 
the same location) including all of the cells involved in the process was coined 
as the basic multicellular unit (BMU) by Frost in 1964. Since then others have 
continued to use this name (Ericksen,1986; Jaworski,1981; Parfitt,1979). The 
phrase bone remodeling unit or BRU has also more recently been used to 
denote the same structure (Ericksen,1986; Parfittf1979). The end product of the 
activity of the BRU is often referred to as the bone structural unit or BSU 
(Ericksen,1986; Jaworski,1981; Parfitt,1979). The osteoclast and osteoblast are 
considered to be the main elements of the BRU, each of which will be discussed 
in more detail in the following pages. Considering that the quantum of bone 
being remodeled also relies upon the unknown 'coupling factor' it seems only 
reasonable that it must now also be included as an important part of the BRU. 
i. THE OSTEOCLAST
a)Origin and Differentiation
Early experiments involving bone marrow and splenic transplants 
(Walker,1975) and more recent experiments utilizing bone grafts between 
Japanese quail and white Leghorn chick embryos have been conducted to 
demonstrate the origin of osteoclasts (Joutereau and Le Dourain,1978). 
Results show that chondrocytes, osteocytes, osteoblasts, perichondrial cells 
and reticular cells of the bone marrow were derived from limb graft tissue of the 
donor while osteoclasts were found to be of extra-osteal origin, similar results 
were found as early as 1976 (Gothlin and Ericsson,1976) with the use of 
parabiotic rats and radioautographic techniques. Such experiments show 
strong evidence in support of the theory that osteoclasts are derived from blood-
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borne cells. They are also in agreement with the concept of two distinct 
precursors; preosteoblasts and preosteoclasts.
Although scientists seem to agree that the osteoclast precursor is of 
hemopoietic origin, the exact origin of the osteoclast precursor remains 
unknown. Many researchers have speculated that macrophages, monocytes 
and osteoclasts may all be derived from a common progenitor. Various 
methods have been used to demonstrate the relationship between 
macrophages, monocytes and osteoclasts. Immunohistochemical studies 
(Osdoby et al.,1988) have revealed an antigen which has a common 
expression in the presence of osteoclasts, giant cells and macrophages, 
suggesting similarity between the three cell types. However, the discovery of a 
second antigen (121F) which is expressed only in the presence of an osteoclast 
membrane protein and not in the presence of giant cells or macrophages 
indicates a possible divergence of the osteoclast from the mature macrophage 
or giant cell lineage (Osdoby et al.,1988). Other methods such as tartrate 
resistant acid phosphatase (TRAP+) and nonspecific esterase (NSE) staining 
(Baron et al.,1986; Scheven et al.,1986), time lapse cinemicrographic studies 
(Ibbotson et al.,1984), and co-culture studies involving subcutaneous bone and 
particle implants (Goldring et al.,1988) all suggest that the osteoclast may be 
derived from a precursor common to macrophages and monocytes. Most of 
these studies, however, demonstrate evidence that the osteoclast precursor 
does not develop from mature monocytes or macrophages but diverges from 
the monocyte/macrophage lineage early on (Baron et al.,1986; Burger et 
al.,1984; Ibbotson et al.,1984; Scheven et al.,1986).
The differentiation of a monocyte/macrophage/osteoclast precursor into a 
preosteoclast and eventually into a cell with the osteoclast phenotype may be
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influenced by factors in the precursor microenvironment. The presence of 
mineralized bone matrix has been found to be a prerequisite in final osteoclast 
differentiation (Goldring et al.,1988). Other research not only supports the 
requirement of mineralized matrix but also the presence of viable bone forming 
cells or soluble factors secreted by these cells before osteoclast formation will 
proceed (Burger et al.,1984; Osdoby et al.,1988).
Using the findings of various researchers, the logical sequence of events 
in the formation of osteoclasts seems to be as shown in figure 1.
b) Structure and Function
Osteoclasts are generally identified as large multinucleated cells that are found 
in areas where bone is being actively resorbed.
The shape of the osteoclast cell varies from round, elongated or irregular 
shaped. The cell shape may be reflective of the cell's role in the modeling or 
remodeling process (Abe et al.,1990; Arnold and Jee,1957; Gothlin and 
Ericsson,1976).
The osteoclast contains 2 to 20 nuclei (Abe et al.,1990; Arnold and 
Jee,1957; Gothlin and Ericsson,1976) with an average of 4.8 nuclei per cell 
(Blair et al.,1986). The cytoplasm shows abundant mitochondria, lysosomes 
(Blair et al.,1986; Gothlin and Ericsson,1976; Holtrop and King,1977; Tanaka et 
al.,1990), free ribosomes, vacuoles and dense granules (Gothlin and 
Ericsson,1976; Tanaka et al.,1990). Golgi complexes can be found at intervals 
around each nucleus (Gothlin and Ericsson,1976). The surface nearest the 
bone may contain an area of numerous membrane enfoldings and cytoplasmic 
folds referred to as the ruffled border. Immediately surrounding the ruffled 
border, an actin rich area devoid of organelles can be found that is called the 
clear zone (Gothlin and Ericsson, 1976; Tanaka et al.,1990; Teitalbaum and
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A hemopioetic stem cell 
travels via the blood stream 
where it may rest in the 
marrow or periosteum 
(Kahn et ah, 1981; Thesingh 
and Burger,1983).
«
Under proper microenvironmental 
conditions this monocyte/macrophage 
precursor evolves into a NSE staining 
cell which is nonadherent to plastic 
(Ibbotson et al.,1984).
Under other conditions 
the monocyte/macro­
phage precursor 
develops into a mature 
monocyte or macro­
phage.
The osteoclast precursor further 
differentiates into a postmitotic 
mononuclear cell that is TRAP 
negative.
*
The mononuclear postmitotic 
precursor develops TRAP 
positivity (Scheven et al.,1986).
♦
The TRAP positive mononuclear cells develop CT receptors (Taylor et 
al.,1989) and fuse into functioning multinucleated osteoclasts (Ibbotson 
et al.,1984; Scheven et al.,1986).
FIGURE 1: Proposed origin of osteoclasts and their precursors.
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Kahn,1985). The plasma membrane has been found to contain a vacuolar H+ 
pump on the ruffled border region (Bekker and Gay,1990a) and a plasma 
membrane Ca2+ ATRase on the region opposite the ruffled border (Bekker and 
Gay,1990b). Calcitonin (CT) receptors can be demonstrated on osteoclasts 
only at a late stage in development with the majority of osteoclasts expressing 
CT receptors following the development of TRAP positivity (Taylor et al.,1989).
The ruffled border region of an osteoclast appears to be the active 
resorptive area on the cell. The Presence or the extent of the ruffled border may 
be correlated to the resorptive activity of the osteoclast. Ruffled border folds 
vary in depth from 50 to 150 urn (Gothlin and Ericsson,1976). The ruffled border 
region enlarges under stimulated bone resorption and diminishes when 
resorption is curtailed (Teitalbaum and Kahn,1985). The sealing zone encloses 
the resorptive area of the ruffled border, resulting in a resorptive compartment or 
lacunae (Lakkakorpi et al.,1989). Researchers have revealed the loss of both 
mineral and organic components of bone directly beneath the ruffled border 
region of the compartment (Blair et al.,1986; Bonucci,1974; Tanaka et al.,1990; 
Teitalbaum and Kahn,1985). Although the resorptive compartment was 
originally believed to be a sealed resorptive area, microperoxidase has been 
found to easily penetrate into the resorptive area (Tanaka et al.,1990) causing 
scepticism toward the "sealed zone" theory. The periphery of an actively 
resorbing osteoclast does show two distinct bands, composed of vinculin and 
talin, encircling the areas closely attached to bone. An f-actin band, not as 
closely attached to the bone, separates the two vinculin and talin bands 
(Lakkakorpi et al.,1989). Lakkakorpi (1989) found a similar arrangement of 
microfilaments in podosomes (small attachment sites present on nonresorbing 
osteoclasts). No resorption has been found to take place under osteoclasts not
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displaying this vinculin/talin/f-actin pattern surrounding the resorptive 
compartment (Lakkakorpi et al.,1989). These findings, although suggesting that 
the microfilament arrangement in an osteoclast may be related to the resorptive 
activity, do not support or dispute the presence of a sealed zone.
The external degradation of bone in the ruffled border region of the 
osteoclast is most likely carried out by means of lysosomal enzymes secreted 
into the bone resorbing compartment (Baron et al.,1985; Elmardi et al.,1990; 
Gothlin and Ericsson,1976). Acid phosphatase, Beta glycerophosphatase and 
arylsulfatase have been located along the entire secretory pathway of the 
osteoclast (Baron et al.,1985; Gothlin and Ericsson,1976) indicating lysosomal 
enzyme synthesis and secretion into the resorption compartment. Further 
experimentation, via acridine orange usage, has proven the osteoclast lacunae 
being actively acidified (Baron et al.,1985). A vacuolar proton pump found 
present in the ruffled border region of the osteoclast may contribute to the acidic 
environment of the resorptive area (Bekker and Gay,1990a) which has been 
shown to have a pH of 5 or less (Silver et al.,1988). This suggests that the 
osteoclast not only secretes lysosomal enzymes but contributes to the formation 
of an acidic microenvironment ideal for the functioning of these enzymes.
The degradation of the organic component of bone is a process that 
takes place largely in the extracellular compartment (Bonucci,1974; Chambers 
et al.,1984; Tanaka et al.,1990). Dissolution of the loosened collagen fibrils has 
been noted to occur outside of the osteoclast (Blair et al.,1986; Bonucci,1974; 
Tanaka et al.,1990) but has yet to be demonstrated inside the cell. There is no 
evidence of collagenase production or secretion by the osteoclast (Blair et 
al.,1986). Collagen fibrils have been detected in the ruffled border channels 
(Tanaka et al.,1990) but there have been no fibrils found in osteoclast vacuoles
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(Bonucci,1974; Gothlin and Ericsson,1976; Tanaka et al.,1990). Filament like 
structures found in osteoclast vacuoles that are located close to collagen fibrils 
in the ruffled border channels are suspected of being partially degraded 
collagen fibrils (Tanaka et al.,1990), however, no positive proof has been 
given.
The mineral component of bone is attacked first by the osteoclast 
(Bonnuci,1974; Chambers et al.,1984; Lakkakorpi et al.,1989). Once the 
calcified matrix is broken down, a portion of the crystals of bone mineral are 
phagocytosed by cytoplasmic vacuoles (Bonucci,1974; Gothlin and 
Ericsson,1976) where they will be further degraded by fusion with lysosomes 
(Bonucci,1974; Gothlin and Ericsson,1976). The recent discovery of a plasma 
membrane Ca 2+ ATPase located on the cell side opposite the ruffled border 
(Bekker and Gay,1990b) could be a vehicle for excess calcium extrusion 
following the intracellular dissolution of hydroxyapatite.
There is little speculation as to the fate of the osteoclast once resorption 
is complete. It has been noted that the osteoclast separates from the bone 
surface following resorption (Tran Van et al., 1982b). Once separated from the 
bone surface, it is possible that the osteoclast undergoes fission and returns to 
a mononuclear state. Although many researchers mention the possibility of 
fission, there is no proof of such an action by the osteoclast. More research is 
needed in this area before the fate of the osteoclast can be fully understood.
c)Osteoclast Regulators
Many factors have been shown to regulate osteoclasts. Some act 




Calcitonin receptors On mature osteoclasts (Taylor et al.,1989) allow 
calcitonin, synthesized by the C-cells of the thyroid, to directly reduce osteoclast 
activity. Calcitonin (CT) has been shown to cause a marked decrease in 
osteoclast numbers, the extent of the ruffled border, resorptive surfaces and the 
number of osteoclast nuclei per mm bone surface (Baron and Vignery,1981; de 
Vernejoul et al.,1990; Ibbotson et al.,1980). CT treatment also results in an 
increase of osteoclasts separated from bone and of active bone formation 
(Baron and Vignery,1981; de Vernejoul et al.,1990).
Other factors act by indirect or unknown means to reduce osteoclast 
activity. TGF-beta suppresses osteoclast precursors and inhibits their 
differentiation (Bonewald and Mundy,1990; Mundy,1989; Orcel et al.,1990). 
TGF-beta demonstrates an inhibitory effect on mature osteoclasts as well (Orcel 
et al.,1990). Glucocorticoids, nerve growth factor (NGF) and cartilage derived 
growth factor inhibit resorption stimulated by parathyroid hormone (PTH) 
(Ibbotson et al.,1980). Glucocorticoids have long been used as a treatment to 
reduce high 1,25-dihydroxy vitamin D3 and serum calcium levels thus reducing 
resorptive activity (Papapaulos et al.,1979). Androgens and Estrogens have 
been used to reduce serum calcium levels in hyperparathyroid patients and 
may also act by reducing prostaglandin E (PGE) synthesis (Raisz,1988). 
Gamma interferon inhibits osteoclast resorption stimulated by tumor necrosis 
factor (TNF) and TNF beta but not by PTH (Mundy,1989).
Stimulators
Most of the factors stimulating osteoclast activity act indirectly by inducing 
production of other factors or by mediation through another cell type. Receptors 
for many of the resorption stimulating factors have been found present on
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osteoblasts indicating that the resorptive enhancement induced by each of 
these factors may be mediated by the osteoblast (Komm et al.,1987; Shen et 
al.,1988; Silve et al.,1982).
Stimulation of osteoclastic resorption may be due to influences in 3 
distinctive areas; 1)increasing the production and proliferation of osteoclast 
precursors, 2)inducing differentiation and fusion of osteoclast precursors, 
3)increasing the resorptive activity of mature osteoclasts. Enhancement of 
the production of osteoclast progenitors has been demonstrated with the 
influence of interleukin-6 (IL-6) and IL-1 alphafGarrett and Mundy,1989; 
Mundy,1989; Kurihara et al.,1990).
Once present, differentiation and fusion of precursors may be promoted 
by 1,25 dihydroxy vitamin D3, differentiation inducing factor (DIF), INF, INF 
beta, RGB's, colony stimulating factor (CSF) and IL-3 (Abe et al.,1988; Barton 
and Mayer,1989; Chambers,!988; Mundy,1989; Saffar and Leroux,1988).
Other factors such as PTH, 1,25 dihydroxy vitamin D3, TNF, TNF beta, IL- 
1 alpha, retinoic acid and RGB's have been noted to increase the resorptive 
activity of mature osteoclasts (Baron et al.,1977; Baron and Vignery,1981; King 
et al.,1978; Mundy,1989; Oreffo et al.,1988). PTH, 1,25 dihydroxy vitamin D3, 
and RGB all stimulate an increase in the mature osteoclast cell size, extent of 
ruffled border and number of nuclei; all being indicators of increased resorptive 
activity (Holtrop et ai.,1979; Mundy,1989). In addition, Farley et al. (1985) found 




a) Origin and Differentiation
Osteoblasts are believed to be derived from osteogenic precursors 
originating from marrow stromal cells, periosteum, mesenchymal tissue, from 
which the periosteum is derived, and the periodontal ligament (Owen,1980; 
Raisz and Kream,1983a; Tenenbaum,1990). In addition, tissues that are not 
normally osteogenic such as soft connective tissue and muscle can be induced 
to produce osteoprogenitor cells if the proper inducing factor is present 
(Tenenbaum,1990). The proliferation and differentiation of the osteoblast is 
most likely controlled by the microenvironment. Many factors produced by bone 
cells or contained in bone tissue are believed to effect the differentiation of the 
osteogenic precursor (Lucas,1989; Mundy,1989; Pfeilschifter et al.,1990; Rodan 
et al.,1988; Tenenbaum,1990). Unfortunately these factors contained in or 
released from bone are still unknown.
b) Structure and Function
Osteoblasts are bone forming cells of variable shapes (Cameron,1961; 
Rodan and Rodan,1983). Inactive osteoblasts are flattened cells more 
commonly referred to as bone lining cells (Read et al.,1988). Active, matrix 
secreting osteoblasts are larger cuboidal cells ranging from 15 to 30 microns in 
width (Rodan and Rodan, 1983; Read et al.,1988). Active osteoblasts are 
located in continuous lines adjacent to the newly forming bone 
(Cameron,1961). The cells extend small cytoplasmic processes between one 
another and evidence supports the theory that gap junctions may exist between 
neighboring osteoblasts and between osteoblasts and osteocytes 
(Cameron,1961; Doty,1981). The osteoblast nucleus is eccentric with a 
prominent nucleolus (Cameron,1961; Rodan and Rodan,1983). The rough
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endoplasmic reticulum is well developed and organized containing cisternae 
holding small granules and fibrillary material (Cameron,1961; Rodan and 
Rodan,1983). Mitochondria are generally oval or round. The cytoplasm 
demonstrates basophilia typical of most protein manufacturing cells 
(Cameron,1961). The abundance of alkaline phosphatase has long been used 
for osteoblast recognition. Alkaline phosphatase (AP) is found to be localized 
mainly in the osteoblast plasma membrane. An increased concentration of 
serum AP is used as an indicator of increased bone formation (Rodan and 
Rodan, 1983).
The osteoblast is known to be responsible for production and deposition 
of new bone matrix. Among the various substances manufactured and secreted 
by osteoblasts type I collagen comprises the greatest proportion of protein in 
bone (Ecarot-Charrier et al.,1988; Raisz and Kream,1983a; Rodan and 
Rodan,1983). Other bone components produced by the osteoblast include 
osteocalcin (BGP), osteonectin, osteopontin, alpha 2HS glycoprotein and 
various proteoglycans (Raisz and Kream,1983a; Rodan and Rodan,1983; 
Rodan et al., 1988).
Primary mineralization is also under the control of osteoblasts 
(Parfitt,1976). Osteoblasts can initiate mineral deposition when cultured in the 
presence of beta glycerophosphate or inorganic phosphate supplements 
(Ecarot-Charrier et al.,1988).
In addition to their role in bone formation, osteoblasts are suspected of 
playing a role in bone resorption. Although osteoblasts do not seem to be 
required for osteoclast formation and differentiation, they do seem to be
essential for the mediation of environmental stimuli on the mature osteoclast
(Chambers,1988; Shen et al.,1988). Receptors for many of the factors involved
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in resorption can be found on the osteoblast rather than the osteoclast. 
Osteoblasts have been shown to have receptors for PTH, 1 alpha 25 dihydroxy- 
vitamin D3, prostaglandin E2 and possibly estrogen (Komm et al.,1987; 
Raisz,1988; Rodan and Rodan,1983; Shen et al.,1988; Silve et al.,1982). PTH 
and 1,25 dihydroxy vitamin D3 do not influence resorption by osteoclasts unless 
incubated with osteoblasts (Chambers,1988).
Little is known regarding the mechanism used by osteoblasts to effect 
resorptive activities. It has been shown that osteoclasts do not begin resorption 
until the unmineralized layer of organic material between the bone lining cell 
and the bone mineral is removed. Osteoblasts have been found to remove this 
unmineralized layer in vitro possibly by collagenase production 
(Chambers,1988; Shen et al.,1988). In addition, collagenase secretion from 
osteoblast-like cells in culture has been shown to be promoted by resorptive 
factors such as PTH, 1 alpha 25 dihydroxy vitamin D3, PGE2 and IL-1 (Shen et 
Osteoblasts could be regulating resorption by collagenase 
production and consequent removal of the organic layer on bone. Many of the 
same resorptive factors also stimulate cAMP accumulation in osteoblasts. A 
parallel increase in resorption corresponds to the notable increase of 
osteoblastic cAMP but the link between the osteoblast and osteoclast is still 
unknown (Rodan and Rodan,1983).
C)Osteoblast Regulators
Information concerning the regulation of osteoblasts is insufficient and 
diverse. Many of the factors regulating osteoblast activity and bone formation 
have biphasic effects and their effects vary depending upon dosage, type of 




PTH has been shown to inhibit osteoblastic activity in vitro. Osteoblasts 
become separated and spindle-like, collagen synthesis decreases, alkaline 
phosphatase activity decreases and cAMP accumulation increases (Raisz and 
Kream,1983b; Rodan et al.,1988).
Lack of vitamin D, specifically 1 alpha 25 dihydroxy vitamin D3, has long 
been known to reduce mineralization but it is not known whether the vitamin 
effects osteoblast activity or acts via some other avenue. The effects of vitamin 
D on osteoblast cultures has been diverse and difficult to discern (Heersche 
and Aubin,1990; Raisz and Kream,1983b; Rodan and Rodan,1983).
Glucocorticoids are generally associated with a decrease in bone 
formation, however, the opposite effects have been demonstrated in vivo 
(Heersche and Aubin,1990; Rodan and Rodan, 1983).
Estrogen is often used as a treatment to reduce bone loss. In actuality 
estrogen decreases bone formation. Overall remodeling activation is also 
decreased by estrogen resulting in a net decrease in bone loss (Steiniche et 
al.,1989). It is not known whether activation is reduced via osteoblastic controls. 
Recent discovery of estrogen receptors on osteoblast-like cells may support 
such a theory (Komm et al.,1987).
Gamma Interferon (a known resorption inhibitor) blocks the production of 
collagenase activity (Shen et al.,1988)). Thus interferon may reduce resorptive 
activity via osteoblast inhibition.
Chronic ethanol consumption has also been noted to decrease bone 
formation and to decrease bone cell responsiveness to agents that increase 
bone formation (de Vernejoul et al.,1983; Farley et al.,1985).
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Stimulators
Calcitonin has been demonstrated to increase bone formation in vivo
(Weiss et al.,1981). Differentiated osteoblasts seem to be unresponsive to CT 
(Rodan and Rodan, 1983) leaving the mechanism for increased formation 
unknown.
Insulin and IGF can stimulate osteoblastic activity both in vivo and in vitro 
(Canalis, 1980).
IL-1 and EGF may also have a stimulatory effect on bone formation but 
results among researchers vary indicating a possible biphasic effect and a 
possible inhibition of bone formation as well (Heersche and Aubin,1990).
TGF beta increases the production of osteopontin and promotes bone 
formation (Rodan et al.,1988).
iii. THE COUPLING FACTOR
Many researchers hypothesize that some local paracrine factor in bone is 
responsible for maintaining the bone resorption/bone formation balance. This 
"coupling" factor is unknown but many scientists have speculated as to its 
identity.
Most researchers agree that the coupling factor is a local factor in bone 
since there are no significant changes in serum 1,25 dihydroxy vitamin D3, 
calcitonin or PTH during the reversal phase (Bottemiller and Baylink,1980; 
Farley et al.,1987; Lucas,1989). The coupling factor is most likely a substance 
released from bone during resorption that enhances recruitment of osteoblasts. 
Such a substance may actually be produced and deposited in bone by 
osteoblasts and later released and activated by the acidic environment created 
during resorptive activity (Farley et al.,1987).
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Research by Lucas (1989) found TGF beta to be a chemoattractant for 
osteogenic cells. Osteoblasts, which are known to synthesize TGF beta 
respond to the chemical by increasing proliferation and alkaline phosphatase 
activity. Such a substance could attract osteoblasts to the remodeling site.
More research is needed before a coupling factor can be substantiated 
and identified.
D. PURPOSE
It can be seen that the factors effecting bone remodeling are numerous 
and varied. The fact that so many physiological agents have direct or indirect 
effects on bone and upon one another makes experimental results 
questionable. In vitro experimentation may exclude substances believed to be 
insignificant that may in actuality be very influential in the remodeling system. In 
vivo experimentation, although including all of the physiological factors in a 
living system, is difficult to analyze for individual factors effecting the system 
because of the many indirect and biphasic effects these factors have upon one 
another and upon bone.
The purpose of this experiment is to devise an in vivo model for use in 
determining the effect of ethanol on the bone remodeling system. Bone 
remodeling will be induced in control and ethanol consuming animals. The 
morphological appearance of osteoblast and osteoclasts will then be studied. 
Measurements will be taken to determine the extent of resorptive areas and 
new bone deposition.
Results from this experiment may provide a better understanding of the 
influence ethanol has on the remodeling system and of the eventual 
development of osteoporosis from chronic alcohol comsumption.
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E. HYPOTHESIS
Although little information is available regarding the effect of ethanol on 
bone remodeling, there are some results suggesting that ethanol may affect 
bone formation or resorption independent of hormonal influences (Baran et 
al.,1980; Bikle et al.,1985).
Ethanol has been found to reduce both bone formation and resorption in 
vitro (Bikle et al.,1985) and in vivo (Crilly et al.,1988). Other researchers have 
found no change in bone formation but enhanced bone resorption (Baran et 
al.,1980). Farley et al.(1985) found bone resorption was increased and bone 
formation was inhibited in the presence of Sodium Flouride (NaF) or PTH in 
vitro. In vivo studies indicate a marked decrease in bone formation with no 
significant effects on resorption (de Vernejoul et al.,1983; Diamond,! 989) or 
with significant increases in resorption (Schnitzler and Solomon,!984). In 
addition, an increased rate of resorption activation without a correlating 
increase in bone formation could result in a long term net loss of bone (Eriksen 
et al.,1990; Marlot et al.,1984).
Such varied findings make the formation of a hypothesis difficult. It 
seems that both bone resorption and formation have been in some instances 
effected by the presence of ethanol. From the amount of evidence suggesting 
an increase in resorptive activity it seems logical to assume that ethanol will 
most likely increase either the number of active osteoclasts, enhance the activity 
of osteoclasts present or increase the frequency of bone remodeling activation. 
All studies suggest that bone remodeling, as evident by observation of the bone 
remodeling unit, will be altered in the presence of ethanol.
II. MATERIALS AND METHODS
A simultaneous pair feeding system was used to administer isocaloric 
control and ethanol diets to male Sprague-Dawley rats. The Leiber-Decarli 
liquid diet designed to most closely mimick human dietary intake (35% fat, 18% 
protein, 47% carbohydrate) was used (Leiber and Decarli, 1982). Both control 
and ethanol diets contained identical vitamin and fiber content with part of the 
carbohydrate (dextrin and maltose) calories of the control being replaced by an 
identical caloric content of ethanol in the ethanol diet.
Fourteen rats (approximately 130g) were randomly paired and placed in 
separate wire cages with liquid pair feeding tubes. The experiment was 
repeated three times (group 1,2 and 3 respectively) so a total of 21 pairs of rats 
were used in all. The pair feeding system was designed to dispense only the 
amount of feed consumed by the ETOH animals to the control animals. All 
animals were maintained on a continuous feeding system.
ETOH animals were gradually introduced to the ETOH over an eight day 
period. For the first 3 days the ETOH feed was mixed with 2/3 control feed. The 
following 4 days the experimental animals received ETOH feed mixed with 1/3 
control feed. On day eight all ethanol animals received full ethanol feed which 
continued throughout the duration of the experiment. The percent of ethanol 
content was based on previous experiments in which a 5% alcohol 
concentration was the amount needed to produce lipid accumulation in the 
liver similar to that found in human alcoholics (Leiber and DeCarli,1982). Since 
both control and ETOH diets contained the same proportions of fat, protein, 
fiber, vitamins and minerals, the assumption that any changes induced by the 




Following the eight day introduction to the diet, all animals were kept on 
control or ethanol feed until the day of sacrifice. All animals were weighed at 
the start of the experiment and once a week for every week there after to insure 
proper weight gain.
Eight days following administration of full ethanol and control diet all 
animals were anesthetized using ether. At this time all upper right molars were 
removed to induce bone remodeling as in experiments conducted by Tran Van 
et al. (1982a, 1982b). One pair (one ETON and one control animal) was 
sacrificed on days 2, 4, 6, 8, 10, 14 and 18 following tooth extraction and 
perfused with 2.5% glutaraldehyde in .1 cacodylate buffer (pH 7.3) containing 
2.5% glucose.
Following perfusion the lower right mandible was removed on each 
specimen and decalcified. Decalcification was performed using a 2.5% formic 
acid/2.5% formalin solution. The solution and specimens were placed in a 
plexiglass container with electrodes and subjected to a 12 volt current until 
completely decalcified. Small sections of the mandible were cut using a razor 
blade and being careful not to separate the muscle from the mandible. In group 
one, a 3mm square block of tissue was cut on the mandible between the first 
and second molar on the buccal side. This block was then cut into 4 smaller 
blocks horizontally with the first block being that closest to the crown of the 
molars and the fourth being farthest away (blocks A1, A2, A3 and A4 
respectively). In order to get a full survey of the remodeling area, groups two 
and three mandibles were cut into 4 by 2mm blocks which were then cut 
vertically into two smaller blocks (blocks B1-rostral,B2-caudal,C1-rostral and 
C2-caudal respectively).
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Tissue blocks were washed with cacodylate rinse, post fixed 2 hours with 
a 1% osmium tetroxide mix and rinsed with distilled water. Graded dehydration 
followed using acetone of 70%, 85%, 95% and 100%. Tissue blocks were then 
put in propylene oxide for a 15 minute period. All blocks were then put in vials 
containing propylene oxide and epon in a 1/1 ratio mix and placed on a rotating 
wheel. Blocks were then removed from the 1/1 mix and put in a ratio of 1/2 
propylene oxide and epon overnight. The following day all blocks were 
embedded in pure epon.
1 urn light microscope sections were cut using a glass knife microtome. 
Tissues from group 1 animals were sectioned horizontally from blocks A1, A2, 
A3 and A4 while groups 2 and 3 tissues were sectioned vertically from the side 
away from the median line separating blocks B1 and B2 and blocks C1 and C2. 
Sections were then stained with Toluidine blue.
Observations were made of the following parameters in relation to the 
buccal periosteal bone surface using a light microscope at 800X magnification: 
Average depth to resting line
New bone area above resting line (sq.um new bone/1000 urn 
periosteum)
New bone area above the cement line (sq.um new bone/1000 urn 
periosteum)
Average depth of Howship's lacunae
Extent of ruffled border (% osteoclast/bone interface covered with RB) 
Lacunar bone lining cells (% of surface covered with lining cells in 
lacunae)
Contact osteoclasts (% osteoclast/bone interface covered with CO) 
Separated osteoclasts (% osteoclast/bone interface covered with SO)
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Planer bone lining cells (% of surface covered with bone lining cells not 
in lacunae)
Appositional osteoblasts (% of surface covered with osteoblasts in 
contact with the nonlacunar bone surface)
Lacunar osteoblasts (% of surface covered with osteoblasts in lacunae) 
Average height of new bone ( um above cement line)
Lacunae area (sq. um lacunae/ 1000 um periosteum)
The above parameters were computed from a data file created using a 
software package called DataVoice (McMillan and Harris,1990). 
Measurements were made using the light microscope with a camera lucida 
attachment. Using DataVoice, X and Y coordinates of measurement points are 
input from a digitizer tablet while their identification is entered into the data file 
by voice.
The day mean (days 2,4,6,8,10,14,18) for the rats from group 1,2 and 3 
were calculated for each parameter. The total mean for all 3 groups and all 7 
days of sacrifice was also calculated for each parameter. Final analysis of data 
was conducted by use of a two way ANOVA.
III. RESULTS
Results of most measurements taken are expressed as percent of total 
periosteum length covered by the given cell type unless otherwise noted.
A. ANIMAL WEIGHT GAIN
Differences in weight gain between ethanol and control animals was 
insignificant with an average of 37.8g gain per week in the controls and 36.6g in 
the ethanol animals.
B.OSTEOBLAST ACTIVITY AND BONE FORMATION
Osteoblast activity and bone formation were evaluated by surveying the 
sectioned periosteal surface and determining the percentage of that surface 
occupied by active nonlacunar osteoblasts plus osteoblasts in lacunae. The 
area of new bone and thickness of new bone above the resting or cement line 
on each section was also estimated.
The percentage of active, nonlacunar osteoblasts present on the 
periosteum sampled started at the highest noted level on day 2 following tooth 
extraction in both ETON and control specimens. Percentages of nonlacunar 
osteoblasts then decreased steadily in both control and ethanol animals until 
reaching a low point at day 6 in controls and day 8 in the ETON animals. 
Percentages increased until near original levels by day 18 in both controls and 
experimentals (see Fig. 2).
Lacunar osteoblast percentages began at lower levels on day 2 and 
peaked at day 14 in controls and day 10 in the ETOH specimens. Both returned 
to near original percentages by day 18 (see Fig.3).
New bone area above the resting line (indicating bone deposition that is 
not following noticeable resorption) was measured as square microns of new 
bone per 1000 microns periosteum surveyed. Values started out low on both
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control and ETOH animals. New bone area measurements peaked on day 8 in 
controls but did not peak until day 18 in the ethanol animals (see Fig.4).
New bone area above the cement line (indicating bone formation 
following resorption) was also measured as square microns per 1000 microns 
periosteum. Similar results were found in both control and ETOH animals with 
a drop in new bone area near day 4 and a gradual increase peaking by day 14 
(see Fig.5).
The average height of new bone (in urn) above the cement line 
(indicating bone formation following resorption) was found to be originally 
higher among the ETOH specimens with a drastic drop in height by day 4. 
Controls showed a lower average height at day 2 with a gradual increase 
peaking from day 6 to day 14. Values for ETOH specimens gradually rose from 
day 4 until reaching near their original figure on day 18 (see Fig.6).
C. OSTEOCLAST ACTIVITY AND RESORPTION 
Osteoclast activity was measured by examing the percentage of 
osteoclast/bone interface covered with osteoclasts in contact with the bone 
surface and separated from the bone surface, with and without the presence of 
visible ruffled borders. Lacunar area and average lacuna depth were also used 
to determine the extent of osteoclast activity.
Both ETOH and control animals began day 2 with higher than expected 
values for osteoclasts in contact with bone. Control values peaked at day 4 
while ETOH values dropped. Both ETOH and controls had dropped by day 6. 
Ethanol speciments did not show a peak in contact osteoclast percentages until 
day 10. Both groups reached expected low values by day 18 (see Fig.7)
The ruffled border, which is usually a fair indicator of osteoclast activity, 
was almost nonexistant throughout the 18 day testing period in the ethanol
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animals. Control animals showed slight peaks corresponding with the peaks 
noted in the proportion of osteoclasts in contact with bone on days 4 and 14. 
Both groups returned to zero percentages by day 18 (see Fig.8).There were few 
osteoclasts found separated from the bone in both the control and ethanol 
specimens. There was a slight increase in the percentage of osteoclast/bone 
interface containing osteoclasts separated from bone on day 10 and 18 in the 
controls (see Fig.9).
The area of lacunae found on the periosteal surface among controls 
showed a slight unexpected peak on day 4. Notable peaks were noted on day 
14 in the controls and day 10 in the ethanol animals (see Fig.10). Values for the 
average depth of lacunae (in urn) started high in both groups and dropped by 
day 6 in both groups as well. Lacunar depth increased on day 10 in the ethanol 
animals and decreased until reaching low values by day 18. Lacunar depth did 
not peak in controls until day 14 and remained elevated until day 18 (see 
Fig-11).
D. RESTING BONE SURFACES
Inactive or resting bone surfaces were surveyed by measuring the 
percentage of bone lining cells found in contact with the nonlacunar periosteum 
and within the lacunae in the periosteum.
Both ETON and control specimens had original measurements of 
nonlacunar bone lining cells at low values. The percentages peaked on day 8 
in the ETON animals and on day 6 in the control animals (see Fig. 12). Lacunar 
bone lining cells were also low in percentages in both groups of animals at day 
two. ETON and control values rose to peak at day 4 in ETON animals and day 6 
in control animals. Values dropped in both by day 10 and steadily rose to
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higher values by day 18. Both ETON and control measurements show similar 
patterns of rising and falling percentages (see Fig.13).
IV. DISCUSSION
A. THE REMODELING SEQUENCE
In a typical induced bone remodeling sequence you would expect to find 
100% of the periosteal surface covered with bone lining cells or active 
osteoblasts the first two days following tooth extraction. Osteoclast numbers are 
generally low or nonexistant (Tran Van et al.,1982a,b). This experiment found 
3 to 4% of the periosteum already involved in active resorption at day 2 (as 
indicated by the contact osteoclast percentages) and only 80% of the 
periosteum covered with active osteoblasts in both the control and ethanol 
groups. These findings suggest that perhaps a remodeling sequence was 
initiated earlier than the remodeling sequence purposely induced by the molar 
extraction.
Upon delivery, the animals were receiving a compressed cake diet which 
was immediately removed and replaced with the liquid feed. It is possible that 
the loss of solid feed induced the initiation of an unintended remodeling 
sequence. Evidence shows that immobilization or removal of stress from bone 
can result in an increase of resorption, possible suppression of bone formation 
and eventual loss of bone density (Bailey and McCulloch,1990; Bobyn et 
al.,1990; Foldes et al.,1990; Gallacher et al.,1990; Tuncay and Villa,1990; van 
der Wiel et al.,1991).
If removal of a solid diet actually acted to induce resorption and decrease 
formation, it would explain the higher than expected osteoclast percentages 
and the lower than expected osteoblast percentages at the onset of the 
experiment.
The expected sequence of an activation phase at days 3 to 4 following 
molar extraction, a resorptive phase at days 4 to 5, a reversal phase at days 6 to
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7 and an active formation phase from day 10 on (Tran Van 1982a,b) was not 
easily observed in this experiment but was observed as follows.
The indices used to identify the onset of a resorptive phase (an increase 
in osteoclast and ruffled border percentages and a decrease in nonlacunar 
bone lining cells) suggest that two resorptive periods took place in the ETOH 
animals. The first one was evident on day two and the second on day ten. The 
increase in resorptive indicators in the controls was seen as expected on day 
four with another slight increase on day 14 (see Fig. 7 and 8).
Similarly there are indications of two separate reversal phases ( as 
indicated by an increase in lacunar lining cells and a decrease in osteoclast 
percentages). The first reversal phase occured on day four and the second on 
day 14 in the ETOH animals. The reversal phase in the controls appears to be 
on day six as would be expected and then slightly again on day 18 (see Fig.7 
and 13).
The formation phase, expected to take place around day ten (Tran Van, 
1982 a,b), is difficult to recognize from the data collected, 
suggesting active formation (a large percentage of active osteoblasts, an 
increase in new bone area above the cement line and of new bone height 
above the cement line) are unexpectedly high throughout much of the 
experiment. All three indices are lowest between days four and six (see Fig.2,5 
and 6).
The indices
The two remodeling sequences seen in the ethanol animals could be 
explained if each remodeling sequence was delayed by the administration of 
ETOH. A prolonged osteon formation, resorption and mineralization lag time 
has been noted in male alcoholics (Crilly et al.,1988). 
sequence was prolonged in the ETOH animals it is possible that the resorption
If the resorptive
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seen on day two and the reversal seen on day four were delayed phases of the 
first resorptive sequence occuring as a result of the withdrawal of a solid diet. 
This sequence would be occuring with a five to seven day lag time if it was in 
actuality induced by the diet change. Similarly, the second remodeling phase 
seen in the ETON animals with a resorptive phase at day 10 and a reversal 
phase at day 14 could be a delayed remodeling sequence induced by the 
extraction of the molars. This sequence would be occuring five to seven days 
later than expected as well.
The first sequences of resorption at day four and reversal at day six in the 
controls is as would be expected. The reason for a second appearance of both 
of these phases is unexplainable.
In addition, the inconsistancy of the formation indices makes the 
identification of a prominent formation phase in both the ETOH and control 
animals difficult. It is possible, due to the changes induced in the remodeling 
sequence by the liquid feed, that no clear formation phase took place.
High standard deviations derived from the data make it virtually 
impossible to suggest that osteoblast or osteoclast percentages may have 
differed significantly between the control and ETOH animals.
B. REASONS FOR VARIATIONS IN DATA
When a two way ANOVA was used to analyze the results the P values 
were consistantly insignificant. For this reason, the results from this experiment 
cannot be considered significant.
Several reasons could explain the outcome of the data.
First, a total of 42 animals were used in the experiment. Other 
experiments inducing a remodeling sequence had used a similar number of 
animals (Tran Van 1982a,b). In this case, since the animals were exposed to a
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substance with an unknown effect, three animals per sacrifice day was an 
inadequate number. The use of ten animals per sacrifice day would most likely 
have yeilded more significant results.
Second, the effect of removing a solid diet from the animals was not 
considered when performing the experiment. The removal of a solid diet 
obviously had effects upon the induced remodeling sequence which made 
results difficult to assess. One could assume that beginning the liquid feed 
earlier, prior to tooth extraction, would allow normalization of any remodeling 
sequences induced by solid feed removal before inducing another sequence. 
However, experiments measuring the effect of inactivity on bone remodeling 
indicate that a steady state in bone turnover may not be reached within the time 
frame of an experiment (van der Wiel et al.,1991). If the change in remodeling 
activity continues throughout the use of liquid feed until solid food is restored, it 
would be best to measure remodeling activity in some area other than the 
mandible. Other researchers have induced an area of localized resorption in 
the auditory bulla of gerbils (Chole and Chan,1989). Such an induction of the 
remodeling sequence in an observable area other than the mandible could be 
useful if this experiment were repeated.
Third, the exact area where the remodeling sequence was being induced 
may not have been accurately localized in this experiment. The use of a 
scanning electron microscope to localize an exact area where osteoclasts are 
concentrated on day four in a control animal could reduce the wide variations in 
data seen in this experiment.
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C. OTHER FACTORS EFFECTING THE REMODELING 
SEQUENCE
The fact that ETOH could be effecting factors other than the bone 
remodeling unit itself and thus be effecting the remodeling unit indirectly must 
also be taken into consideration.
Although measurements of factors such as serum PTH, cortisol, vitamin 
D3, calcium and phosphate were not taken in this experiment, other 
researchers have reported measurements of these substances.
Results from most studies indicate that ETOH does not effect levels of 
serum calcium, phosphate, PTH and cortisol ( Crilly et al.,1988; de Vernejoul et 
al.,1983; Diamond et al.,1989; Laitinen et al.,1990; Neilson et al.,1990) with 
only one study reporting an increase in serum cortisol among alcoholics 
(Nielsen et al.,1990). We can therefore rule out ETOH influence as a factor 
affecting bone remodeling via PTH and reserve conclusions regarding cortisol 
levels until further investigations are done. An increase in cortisol levels, if 
induced by ETOH, could ultimately reduce bone formation or resorption 
(Heersche and Aubin,1990; Ibbotson et al.,1980; Rodan and Rodan,1983).
Serum testosterone levels among male alcoholics have also been found 
to be at normal levels in several studies (Crilly et al.,1988; Laitinen et al.,1990) 
and to be slightly reduced in one study (Diamond et al.,1989). A reduction in 
serum testosterone could effect bone remodeling (Raisz,1988), however, the 
results of one study are not adequate to conclude that ETOH may be affecting 
bone remodeling via testosterone production.
The most notable change found among alcoholics studied is reduced 
levels of various forms of vitamin D including 1,25 dihydroxy vitamin D3, 25 
hydroxy vitamin D3 and 24,25 dihydroxy vitamin D3 (de Vernejoul et al.,1983;
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Diamond et al.,1989; Laitinen et al.,1990). Vitamin D levels, if affected by 
ETON, could be influencing bone remodeling. The mechanism of vitamin D 
influence would most likely not involve a decrease in calcium absorption since 
measurements of radiocalcium absorption have been found normal among 
alcoholics (Crilly et al.,1988).
□.CONCLUSIONS AND SUGGESTIONS FOR FUTURE
EXPERIMENTATION
This experiment demonstrated that a remodeling sequence can be 
induced and used to compare the remodeling sequence of a control animal to 
an animal on an ethanol diet. The pair feeding method used was a successful 
way to maintain an isocaloric diet between the control and ethanol animals. 
The method of remodeling induction, although successful in previous 
experiments, (Tran Van, 1982a,b) was not as appropriate for animals having 
solid food replaced with liquid.
Further experimentation is needed to reach significant conclusions 
concerning the effect of ethanol on the bone remodeling unit. A larger group of 
animals is needed with at least ten animals per sacrifice day in the ethanol 
group. In addition, induction and localization of a remodeling sequence in an 
area other than the mandible would most likely have better results. The exact 
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Figure 7: The percentage of osteoclast/bone interface covered with osteoclasts 
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Figure 9: Percentage of osteoclast/bone interface containing osteoclasts that are 
separated from the bone surface.
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ANOVA- analysis of variance 
AP-alkaline phosphatase 
BMU- basic multicellular unit
BRU- bone remodeling unit 
BSD- basic structural unit 
cAMP- cyclic adenosine monophosphate 
CT- calcitonin
EGF- epidermal growth factor 
ETOH- ethanol
IGF- insulin-like growth factor 
IL- interleukin
NaF- sodium flouride
NGF- nerve growth factor 
NSE- nonspecific esterase 
PDGF- platelet derived growth factor 
PGE- prostaglandin E 
PTH- parathyroid hormone 
TGF- transforming growth factor 
TNF- tumor necrosis factor
TRAP- tartrate resistant acid phosphatase
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